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Abstract 
The knowledge capital of the country measured by total factor productivity can be accumulated either by own innovation 
activities or by import of foreign technologies. Import of technology can be made through the so-called technological spillover 
channels. The aim of this paper is to correlate the knowledge capital of Visegrad countries as measured by total factor 
productivity in the economy by attracting foreign direct investment and the amount of foreign spending on research and 
development at home. For the regression analysis we use panel data for the V4 countries between 1995 and 2009 from 
EUROSTAT database.
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1. Introduction 
In the current literature, several empirical studies showing that the knowledge capital of the country measured by 
total factor productivity (TFP) can be accumulated either by own innovation activities or by import of foreign 
technologies. By Keller (2010) import of technology can be made through the so-called technological spillover 
channels, namely trade, foreign direct investment (FDI) and migration of human capital etc. The most commonly 
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used instruments of domestic contribution of total factor productivity in the economy are the input and output of 
innovation activities, namely research and development expenditures and their workforce as input and patents as a 
measure of output. 
There are many concerns articulated in the literature about qualifying patents as a reliable proxy for research and 
development output. Many patents are just upgrades of already existing patents, i.e. their value is already partially to 
be attributed to former research and development expenditures. Furthermore, some innovation may be strongly 
context-related, i.e. inseparable from its original context (e.g. some process or organization innovation) and thus, 
does not generate profits unless original conditions are met. In such a case, the replicability of an innovation is 
deteriorated and the innovator may decide not to apply and pay for the patent registration as the associated costs are, 
in fact, spareless waste of returns from the innovation. As an indirect way to proxy innovation output, TFP levels 
can be used. However, this proxy includes also the imported technologies and not just the domestic ones. 
Furthermore, the computation of absolute TFP levels is rather ambiguous due to risk of measurement error and risk 
of selected variable bias, when manipulation of primary data exerts significant effect on the calculated TFP in 
absolute terms by neglecting some of its value. To resolve these issues, it is suggested to work with TFP growth 
rates instead of TFP nominal values.  
Some studies suggest that self-innovation performance is still important (contributing to a higher level of 
knowledge capital) as imported technology. Needless to say, it is more costly and also associated with some risk, 
because many expenditures on research and development may not lead to the formation of a new technology that 
would yield the desired profits. Theoretical and empirical studies deal with innovation and knowledge capital as a 
phenomenon in social life, in the domain of economics, political science, history, environmental issues as well as 
many other social science disciplines. By comparing theoretical knowledge and empirical findings can be identified 
inconsistencies between them – so called phenomenon of "phantom reality". It also creates space for further 
dynamic development of the theoretical background of innovation and knowledge capital. 
By Puškárová (2012) and Puškárová (2013) is a study of the importance of foreign direct investment and trade in 
the current literature strongly linked with the theory of transnational corporations in which these spillover are 
strongly significant. There are exceptionally examined knowledge spillovers through the channel migration as well. 
Despite some ambiguity due to publication bias and selection bias, we can say that the prevailing view is that 
foreign direct investment and international trade contribute positively to the growth of total factor productivity and 
other parameters innovation performance. 
For example, Ang and Madsen (2013) on the set of the Asian miracle economies explored that knowledge has 
been transmitted through all the channels considered but the import channel and the general channel (transmission 
mechanism where knowledge spillovers occur automatically and do not pass through any specific channel) have 
probably been the most important ones for the developing Asian economies. Using gravity model and national data 
on Vietnamese economy from the period of 1990-2007, Anwar and Nguyen (2011) confirmed that trade and foreign 
direct investments may interact, namely that a significant positive relationship exists between net-exports and 
foreign direct investments in the post-Asian financial crisis period. 
The aim of this paper is to correlate the knowledge capital of the Visegrad Four V4 (Czech, Hungary, Poland, 
Slovakia) as measured by total factor productivity in the economy (TFP) of foreign direct investment (FDI_inflow) 
and the amount of foreign expenditures for science and research at home (FINNEX). For the regression analysis we 
use panel data for the V4 countries between 1995 and 2009 from EUROSTAT database. 
2. Panel data 
Panel data are combined cross-sectional and time series. In the panel data there is a time series for each entity 
used in the cross-sectional sample. The most commonly used panel data is to study the time development of the 
various units of the same sector, market or geographic entity. Large cross-sectional structure and a few periods are 
typical. The growing popularity of panel data regression models can be attributed to the high demand for comparing 
the growth and convergence of the economies of different countries or regions within larger structures. 
 
Panel data regression model can be written in basic form as follows: 
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 yit = E1xit1 + E2xit2 + ... + Ekxitk + D1zi1 + D2zi2 + ... + Dqziq + uit  (1) 
 
where the index i denotes the cross-sectional dimension i = 1, ..., n, the index t time dimension t = 1, ..., T, the 
variables X1 to Xk are explanatory variables not involving the unit vector and variables Z1 to Zq are the individual 
effects - diversity, which can vary by an individual or a whole group of other entities - here it includes potential 
vector of units. Individual effects are considered to be constant with time. 
The simplest case of panel data regression model is pooled regression. This model is a naive approach, which 
assumes that the absolute term and all parameters in the explanatory variables are all the same cross-sectional units. 
Estimation using least squares estimator also expects that random members of the cross-sectional units and time 
periods meet classical assumptions. Individual effect is only vector units, i.e. single parameter D is a common 
constant. Pooled regression can be written: 
 
 yit = D + E1xit1 + E2xit2 + ... + Ekxitk +  uit  (2) 
 
Model can be written in compact form, if we denote T as i-th observation of the cross-sectional unit yi and Xi to 
which they relate random effect donated ui as follows: 
 
yi =  D + XiE + ui  (3) 
 
Combining across all cross-sectional units we get the model in the following form: 
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Fixed effects model (FEM) is a model in which individual effects Z1 to Zq are unobservable but correlated with the 
explanatory variables.  
Then, the solution is to include all effects in the estimable conditional mean by Di = D1zi1 + D2zi2 + ... + Dqziq. 
Model FEM can be written as follows: 
 
 yit = Di + E1xit1 + E2xit2 + ... + Ekxitk +  uit  (5) 
 
Fixed effect Di means specific constant for each cross-sectional unit. Fixed effects model unlike pooled 
regression expects diversity of absolute term of cross-sectional unit. Now, donate T-dimensional vector of unit i, 
then the model can be written in compact form: 
yi =  iD + XiE + ui  (6) 
 
Combining across all cross-sectional units we get the FEM in the following form: 
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In the model (7), the columns of matrix D are dummy variables D1 to Dn, which take the value dit = 1 for i-th cross-
sectional unit and value dit = 0 for all other cross-sectional units. Because of the using of dummy variables, this 
model is called Least Squares Dummy Variables (LSDV). Model is a regression model without absolute term, 
therefore usually one cross-sectional unit per core group is selected, which in the LSDV model will be an absolute 
term and we will use only n-1 of dummy variables. 
3. Dependence of the knowledge capital 
In this section we will fit panel regression model explaining the dependence of knowledge capital as expressed 
by the growth of total factor productivity in the economy (TFP) by the flow of foreign direct investment 
(FDI_inflow) and the amount of foreign expenditures for science and research at home (FINNEX). We use panel 
data for the Visegrad countries for the period 1995 to 2009 as seen in table 1. 
 
Table 1: Panel data for V4 countries of growth of total factor productivity, flow of foreign direct investment and 
foreign expenditures for science and research, period 1995 to 2009 
 
year country TFPgrowth FDI inflow FINNEX 
1995 CZ 1,57 248,26 42,25 
1996 CZ 0,54 138,55 26,23 
1997 CZ -3,85 126,40 29,20 
1998 CZ -2,50 361,56 42,92 
1999 CZ -0,53 616,91 66,82 
2000 CZ 1,52 486,70 58,62 
2001 CZ 2,61 551,72 44,04 
2002 CZ -0,89 830,80 55,98 
2003 CZ 2,29 206,16 104,89 
2004 CZ 2,43 487,62 90,76 
2005 CZ 3,29 1140,17 143,70 
2006 CZ 4,66 532,48 127,24 
2007 CZ 2,53 1012,63 215,18 
2008 CZ -1,07 621,64 245,87 
2009 CZ -4,63 280,35 412,26 
1995 HU 0,66 493,98 32,39 
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1996 HU -1,00 319,91 28,39 
1997 HU 0,50 404,93 31,25 
1998 HU -0,12 324,88 35,85 
1999 HU -4,09 323,51 43,16 
2000 HU 0,95 270,71 103,85 
2001 HU 2,13 386,47 116,70 
2002 HU 1,73 294,66 154,71 
2003 HU 1,25 210,90 156,32 
2004 HU 1,17 421,92 148,78 
2005 HU 1,15 764,25 172,41 
2006 HU 0,94 677,40 209,21 
2007 HU -2,16 393,41 207,47 
2008 HU -0,70 631,16 190,87 
2009 HU -6,52 204,80 257,16 
1995 PL 5,55 95,31 30,60 
1996 PL 4,65 117,14 29,32 
1997 PL 3,68 127,85 36,08 
1998 PL 2,27 166,77 36,27 
1999 PL 4,77 189,66 43,85 
2000 PL 3,70 246,60 47,37 
2001 PL -8,05 148,98 63,66 
2002 PL 2,51 107,84 119,29 
2003 PL 3,06 120,10 114,67 
2004 PL 2,87 337,25 142,80 
2005 PL 0,58 269,71 171,31 
2006 PL 2,28 513,57 224,86 
2007 PL 1,80 616,94 243,35 
2008 PL 0,35 388,26 224,94 
2009 PL -0,08 338,10 267,78 
1995 SK 5,27 481,88 6,67 
1996 SK 5,48 68,72 13,33 
1997 SK 2,85 42,78 10,52 
1998 SK 2,99 130,98 12,08 
1999 SK -0,68 79,33 8,29 
2000 SK 0,55 357,51 8,78 
2001 SK 2,43 292,92 7,76 
2002 SK 3,98 765,85 8,24 
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2003 SK 3,96 399,32 13,99 
2004 SK 1,51 560,02 17,33 
2005 SK 2,40 448,45 26,57 
2006 SK 4,81 865,46 43,65 
2007 SK 5,25 659,32 53,06 
2008 SK 2,07 861,34 73,01 
2009 SK -3,43 -1,12 75,43 
(Source: EUROSTAT, Author) 
 
First model will be pooled regression written in (2). Fitted model is as follows (in parenthesis are standard errors of 
coefficients):  
 
 TFPt = 0.7211 + 0.0041*FDI_INFLOWt – 0.0116*FINNEXt  (8) 
 (0.6802)  (0.0014)  (0.0044) 
  
All fitted coefficients are statistically significant (except constant term). Model as whole is statistically significant as 
well on all significant levels by default. Flow of foreign direct investment has a positive impact on total factor 
productivity growth and the amount of foreign expenditures for science and research at home has a negative effect 
on total factor productivity growth in the economy. R-Squared statistic indicates that the model as fitted explains 
31.28 % of the variability in total factor productivity. In Figure 1, we can see actual data of TFP, fitted data by 
model and residuals. We can see that residuals meet white noise assumptions.  
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Figure 1: Actual data of total factor productivity, fitted data and residual – pooled regression 
(Source: Author) 
 
Next, we will try to improve fitted pooled regression by using dummy variables. So, we will estimate Least 
Squares Dummy Variables model. Fitted LSDV is as follows:  
 
 TFPt = 0.4322 + 0.0043*FDI_INFLOWt  - 0.0152*FINNEXt + 2.3157*D2  (9) 
 (0.7303)  (0.0014)  (0.0039)  (0.8221) 
 
Statistical significant is only dummy variable D2 Poland (all other dummy variables were statistically insignificant 
together or individually, or had lower contribution), which has a positive impact on total factor productivity growth 
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in economy. Residuals of fitted model meet white noise assumptions (see Figure 2). R-Squared statistic indicates 
that the model as fitted explains 26.38 % of the variability in total factor productivity which is less than previous 
fitted pooled regression model.  
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Figure 2: Actual data of total factor productivity, fitted data and residual – LSDV model 
(Source: Author) 
4. Conclusion 
Visegrad countries include the EU countries with the lowest expenditure on research and development. It is 
therefore likely that their growth depends on imported technologies, namely the knowledge capital of the country 
measured by total factor productivity in the economy. Based on theoretical assumptions, we found that flow of 
foreign direct investment has a positive impact on total factor productivity growth and the amount of foreign 
expenditures for science and research at home has a negative effect on total factor productivity growth in the 
economy. First fitted pooled regression model explained 31.28 % of the variability in total factor productivity. 
Second fitted Least Squares Dummy Variables model with Poland dummy variable explained only 26.38 % of the 
variability. Both fitted models thus confirm the theoretical assumptions about the impact of the considered variables 
on total factor productivity in the economy. 
The importance of foreign direct investment and trade for economic growth has been extensively addressed in 
the current body of research literature. Some papers do go further than just exploring their impact on GDP growth, 
and study their influence of the total factor productivity. Most commonly, they define them as channels of 
international technology diffusion when foreign technology is transferred to the local upstream and downstream 
companies. 
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